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" Deoxidation ‘and, Inclusions in Semi-Killed Steel Ingots_.

(Studies on semi-killed steel ingots—III)

Takeshi KaTo, Junichi TMAT and Hiroyuki KAJIOKA

Synop31s

Numerous black spots are usually observed onh sulphur prints along the skin 1ayers of
semi-killed steel ingots, which probably may develop into surface defects under severe

processing of semi- killed steel products

Using 10 ton slab lngots, 1nvest1gat10ns were carried out into the effects of deox1d1zers on

. these black spots.
The main results obtained are as follows:

(1) The substances of these black spots consist of crowds of sulphides to be accompamed
with blow holes and of large silicates, the greater part of which contains some sulphides.

(2) These black spots can be reduced by using aluminium as the main deoxidizer instead -
of silicon, although this result may be also attained by the decrease of sulphur content of

molten steel.
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(3): The large silicates have mnch relations with ladle refractories.

When ‘silicon is used

-as deoxidizer, it can catch a greater amount of oxygen, as the temperature of ‘molten steel
_drops during the .period from tapping to solidifying, whereas in case aluminium is used, the
content of re31dual aluminium in molten steel cannot be expected to be high because of its

strong deox1d121ng power to combine with more oxygen while coohng

It is presumed, there-

fore, that in order to get the same condition of blow holes in ingots, the oxygen content
-of molten steel in ladle should be lower, and accordingly the ladle refractories are the less
-damaged when alummmm 1s used as deoxidizer than When silicon is used
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FEALEXTERLTRSZ &J:L%

C Tibb 60t ElEREHET C 00 {1~0" 199% ,Mn:
0°80~0°90% DEHETEML, TARIC 3513 % BLERAI &
LT Si & Al OFnEl4% Table | ICRT Tk <%
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M X OO RIR L e — F — #/fWQﬁ%®ﬁ%&L

Table 1. Ladle ana1y31s, deoxldlzer added and teeemmg COndlthnS. of ingots tested.
No. of samples | 7 - 0] 1 e e 9] E ‘ 2 0 3 | a 5 3.1 12
i i i § .
- C 9% 015 [ 0°17 [ 015 [ 013 | 015 | 0°14°| 0*11 | 014 { 0*15 | 0°13 | 0*16 | 0°19 | 0°15
j2 Mn Yo 0°89 1.0°93 | 0*93 |10°90 | 0°89 | 0°80 | 0*88 | 0°89 | 0*86 | 0*81 | 0°80 | 0*54 | 0°58
o2 % 0°016/ 0°002| 0*020| 0*023| 0*024| 0*022| 0*067| 0*049| 0*053| 0040 0*080 008 |-0*10
= P. % 0°028| 0°023| 0*017| 0018| 0*016| 0°017| 0*014{ 0*023] 0°026| 0*011| 0*016] 0*017| 0*016
, }3 g S % | 07029 0°022| 0°019| 0+026] 0*026| 0*024| 0*016| 0*023| 0+033| 0*021| 0°020| 0-023| 0+025
: ® % 10°012{ 0°009| 0°010| 0013 0*006| 0°013| 0°016( 0°019 07017 0019 — | — | —
Wt of S(t%e)l Tapped |, 850/72*05069* 350,76 * 250/73* 050|176 * 650|172 * 900|74* 400,78 * 000|76 * 40072 * 40|79 * 750]76 * 200

' Tapping tempe-.
rature (°C)

1635|1635 | 1620 | 1625 | 1615

1625 — — 162‘0 1625 | 1585 | — —_

T i?ce Feé-Mn (kg)| 500 | 500 | 500 | s00°| 500 | 500| 500 | 500 | 500 | 500 | 500 | — | —
“ |in (Fe-Mn(kg)l 600 | 620 | 620 | 600 | 570 | 550 | 500 350 | 400 | 450 | 520 |+ 50 | 100
9l adle Si-Mn (kg)|” 0 0 0| .100 | 100 | 100 | 250 250 | 250 | 250 | 200 | 500 | 650
> Al . (kg)| 43| 43|. 43| 35 35| 35| 22 20| ‘18] 20 4 6 5
Z Cokes (kg)| 0 0 0 o "0 o] 0| o o 30| ol 16| 48
’ Si -added(%)| 0O 0| 0loro24 |o*025 |o-024 j0-062 [0+061 [0+0s8 lov0s0 | 0062 0°113] 0155
Al added(%)|0°061 (07060 [0°062 |0°046 [0°048 [0°046 [0*030 {0°027 {0*023 0*026 | 0*Q06| 0*008| 0*007
Si/Al 0 (O 00°52-0°52 |0°52 (206 (2726 (252 '[2°27 [10°3 (14°1 [22°2
- Mould B10* B10 | B1o | B10o| B1o| B10|'B10o | Bio | Bio | Bio | B1o | B1o| B10
Wt. of ingot (t) 9+750| 9°750| 9750, $*780| 9°750] 9750 9*700] 8°650| 8*900 9*050 9*600 8°050 8°050 .
Height of ingot(mm) | 1950 | 1950 | 1950 | 1952 | 1950 | 1950 | 2025 | 1790 | 1840 | 1870.| 1950 | 1580 | 1580
Teeming tempe- ) . ) - e
rature (°C) } 1580 | 1580 | 1575 | 1580 |.1555 | 1565 | — | 1568 | 1555 | 1565 _ .
Teeming rate . . . . PR B . . . . R .
(mm/s) } 9L | 707 | 974 }07 | 779 |10°8 |10%4 |11*8 |15 |10°5 : »

# for 10t slab ingot.
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Table 3. Size of incllusioﬁs and cooling rate. o #

- No. of sample No.2 No.iS o

| Kind of incluvsions‘ o Silicate * Sulphide . Silicate - Sulphide

Mould of samples: Cu | G I Cu G | 1 Cu G I Cu'| G |-1
B feamptzz dne 20 [0 | 0 0 |20 [T e [0 [ o [0 | x|
0% : o
95 | Very Max. dia.z|370 | 220 | 100 | — | — | — 270 |220 | 120 | — | 45 | 100
0.8 |large Mean dia.p| 153 | 130 | 85 | — | ~— | — '270 138 | 100 - 40 88

Cu Cu mould - (25mm 35), G: Graphite mould (80mm f), I:
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On the Manufacture of High- Chromlum Steels in ngh Pressure N1trogen

Atmosphere and the Heat-Resisting Propertles of Type 316 L Steels

Synopsis:

Masazo OKAMOTO, Ryohez TANAKA
'Rokuro FunmoTto and- Takeshi- NAITO

An experimental study was made on the fundamental phenomena occuring in melting and
casting of various high-chromium steels in high-pressure nitrogen atmosphere and on the
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